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Abstract Background: Unstable bladder symptoms are a common problem in general
practice. Drug therapy with anticholinergic drugsis frequently used in the man-
agement of this condition. However such drugs are associated with a high inci-
dence of anticholinergic adverse effects. Tolterodineisacompetitive anticholinergic
agent, selective for the bladder as opposed to the sdivary glands.

Objective: Tomonitor thesafety of tolterodineasused ingeneral practice patients
in England for the treatment of urinary frequency, urgency and incontinence.

Design: Prospective observational cohort study.

Patientsand participants: 14 526 patients[mean age 62.7 (SD 16.4) years, 68.6%
female].

Methods: Patients prescribed tolterodine in general practice, soon after the re-
lease of the drug in the UK, were followed up for aminimum of 6 months using
the technique of prescription-event monitoring (PEM).

Results: The most common adverse events reported were dry mouth, headache,
malaise, constipation, dyspepsia, nausea and vomiting and pain in abdomen. We
identified some uncommon events as possible adverse drug reactions — notably
hallucinations, tachycardia and palpitations. The prevalence of these eventswas
compared with that in patient cohorts for other drugs on the PEM database. The
age- and sex-adjusted relativerisk of hallucinations on tolterodine compared with
10 drugs of other therapeutic classes, and with terodiline, another drug indicated
for bladder instability, was 4.85 [95% confidence interval (Cl) 2.72 to 8.66] and
1.25 (95% CI 0.62 to 2.53), respectively. There was no significant difference for
tachycardia/pal pitation in this comparison.

Conclusions: Tolterodineiswell tolerated in general practice at the recommend-
ed daily dose. Hallucinations, tachycardia and pal pitations are infrequently asso-
ciated with the drug.
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Tolterodineisaspecific competitivecholinergic
receptor antagonist, which shows selectivity for
the urinary bladder as opposed to the salivary
glands. It isindicated for the treatment of unstable
bladder symptoms. The parent compound, toltero-
dine L-tartrate is mainly metabolised by the en-
zyme cytochrome P450 (CYP) 2D6, resulting in
the production of a pharmacologically active 5-
hydroxymethyl metabolite.[¥] This metabolite has
some muscarinic adverse effects, e.g. dry mouth
and eye problems, especially with accommodation,
but these are reported to be less prominent than
with oxybutynin.[2 Unstable bladder symptoms
are a common problem in general practice, and
tolterodine is commonly prescribed. This paper re-
ports the results of an observational cohort study
undertaken to examine the safety of tolterodine as
used by general practitionersin England.

Methods

Prescription-event monitoring (PEM) isused as
a form of postmarketing surveillance for newly
licensed drugsintroduced to the UK market. Theme-
thodology of PEM has been fully described in the
literature.[3! Patients were identified from dispensed
National Health Service (NHS) prescriptions for
tolterodine, written by general practitioners (GPs)
in England, in the immediate postmarketing pe-
riod. Prescription datafor thewhole of England was
supplied electronically, in confidence, by the Pre-
scription Pricing A uthority between April 1998 and
December 1998.

Questionnaires (called ‘green forms') were
posted to the prescribing GPs between November
1998 and May 1999, approximately 6 months fol-
lowing the first prescription for the drug. No re-
minder forms were employed. These green forms
requested information on the age, diagnosis, dura-
tion of treatment (start and stop dates) and other
details, including any significant events that may
have occurred in the patients’ medical history since
the day the drug was started. The term ‘event’ was
defined as ‘any new diagnosis, any reason for re-
ferral to a consultant or admission to hospital, any
unexpected deterioration (or improvement) in a
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concurrent illness, any suspected drug reaction,
any ateration of clinical importance in laboratory
values, or complaint of sufficientimportanceto en-
ter into the patient’s notes'. We asked the doctor to
record the reason for stopping the drug (if appro-
priate), and also to indicate any events that were
considered to be an adverse drug reaction. Thein-
dication was taken to be constant while receiving
treatment. Thus, in PEM the exposure data are de-
rived from the original prescriptions for the drug
being monitored and the outcome data are the
events recorded by the original prescribers on the
green forms.

All reported events were coded onto acomputer
by using a dictionary arranged in a system organ
classification, with ‘lower’ terms grouped together
under broader ‘higher’ terms.4 In PEM, signals
are generated by thereport of atypically iatrogenic
reaction; by an event having an unusually high in-
cidence density (ID) or event ranking; or by atem-
poral pattern emerging over time. Possible signals
and all reported pregnancies were followed up by
writing to the patient’s general practitioner, or hos-
pital consultant, for further information. Deaths
with no specified cause were followed up by ob-
taining death certificates from the Office for Na-
tional Statistics (ONS). If a death was considered
to be ‘possibly’ related to tolterodine, the general
practice records were requested from the Local
Health Authority, after first gaining permission
from the general practitioner; postmortem results
were reported when appropriate.

Possible signal's during treatment with tolterod-
ine were compared with selected comparator drugs.
The first comparator cohort included 10 drugs of
different therapeutic class held within the PEM
database. These drugs have indications other than
for bladder instability. The second included terodil-
ine, a drug indicated for bladder instability, but
with mixed pharmacological properties. A list of
theindividual drugs, study datesand responserates
isprovided intablel.

Statistical Analysis

IDs were calculated for al reported events dur-
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Table I. Collection periods and response rates for comparator drugs

Drug Study dates Response rate (%) Cohort size?
Acarbose July 1993 to August 1995 57.1 13 655
Alendronate October 1995 to January 1997 53.8 11 916
Famotidine November 1987 to March 1988 46.6 9 500
Finasteride October 1992 to February 1994 57.8 14 772
Lanzoprazole May 1994 to November 1994 47.2 17 329
Meloxicam December 1996 to March 1997 49.7 10 444
Misoprostol October 1988 to July 1989 65.5 13775
Nizatidine September 1987 to September 1988 40.0 7782
Omeprazole June 1989 to June 1990 56.9 16 204
Pantoprazole December 1996 to June 1997 41.0 11 541
Terodiline November 1986 to September 1997 62.0 12 444

a Relates to whole study period.

ing treatment within any specified time period. The
figures were expressed as the number of the first
reports of an event per 1000 patient-months of
treatment. IDs for events occurring in the first
month of treatment (1D;), during months 2 to 6 of
treatment (1D,) and for events occurring during the
overall treatment period (ID;) were calculated in
patients for whom either the date of stopping the
drug is known, or in those who continued to take
the drug. The difference between the 2 rates (ID;
minus |D,) was calculated to test the hypothesis
that the rate did not change over time. Where the
arithmetic difference between 1D, and 1D, was
significantly above O at the level of p = 0.01, this
was considered to be asignal of apossible adverse
drug reaction.

Cruderateratios (RR) for possible signalswere
calculated for the first 6 months of treatment using
Mantel-Haenszel methods. For each drug only
those events of interest reported within the first 6
months on treatment were included. Any events
reported without an event date specified were ex-
cluded. Events occurring after 30 days from the
start date, and where no stopping date was given,
were also excluded, aswere events occurring more
than 30 days after stopping the drug. Missing val-
ues were accounted for in the analysis by the ex-
clusion of participantswith missing valuesfor each
individual variable under investigation. Age and
sex have been shown to affect the reporting of ad-
verse drug reactions and the rates of prescribing of
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drugs of different therapeutic classes.[®l The data
were stratified by age and sex, and an adjusted RR
calculated. Evidence of confounding was assessed
by comparing crude with adjusted RR, and associ-
ation with drug group. Evidence for effect modifi-
cation was investigated by examining stratum-
specific RR and homogeneity test results. In additon
to thetimeto onset of selected events, the cumula-
tive survival of each cohort was cal culated with the
Kaplan-M eier method and compared using thelog-
rank test.

Datafor each drug were extracted fromthe IBM
A S400 mai nframe computer at the Drug Safety Re-
search Unit (DSRU), and from files arranged by
individual patient for each event reported. Thiswas
carried out partly in an Excel spreadsheet and
partly in an Access database. Data manipulation
was performed in Excel, Access and STATA.

Sample Size

The ability to detect an adverse drug reaction
(ADR) is dependent upon the expected incidence
rate of that ADR for those exposed, the background
rate in those unexposed and the number of patients
available. A sample size of 10 000 patients should
allow for thedetection of at |east 3 casesof an ADR
if it occurs with an annual incident rate of between
1in 1000 and 1 in 2000 patients, assuming that it
is very rare as a background event, with power,
18, given as 0.80.6

Drug Safety 2001; 24 (9)
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Table Il. Incidence densities (ID) for events with possible causal association with tolterodine, in order of number of events in month 1

Event No. of events Rate per 1000 patient-months of treatment No. of events No. of Incicence
month  months month 1 months  total 1D1—IDz (99% Cly  during total ADRs rise (%)*
1 2-6 (IDy) 2-6(ID2) (IDa) follow-up period
Dry mouth 210 176 16.5 4.3 57 12.1(9.1-15.2) 423 80 29
Headache, migraine 118 107 9.2 2.6 35 6.6 (4.3-8.9) 260 29 1.8
Unspecified adverse effects 96 68 7.5 1.7 2.4 5.8 (3.8-7.9) 179 179 1.2
Urinary tract infection 96 204 7.5 5.0 5.4 2.5(0.3-4.7) 397 1 2.7
Micturition disorder 95 139 7.4 34 4.0 4.0 (1.9-6.1) 293 1 21
Malaise, lassitude 90 99 7.1 2.4 3.0 4.6 (2.6-6.6) 222 19 15
Intolerance 86 53 6.7 1.3 21 5.4 (3.5-7.4) 152 14 1.0
Constipation 85 100 6.7 25 3.1 4.2 (2.2-6.2) 227 16 1.6
Dyspepsia 85 132 6.7 3.2 3.6 3.4 (1.4-5.4) 265 26 1.8
Dizziness 75 81 5.9 2.0 24 3.9 (2.0-5.7) 179 20 1.2
Nausea, vomiting 74 82 5.8 2.0 25 3.8 (1.9-5.6) 183 17 1.3
Pain abdomen 70 88 5.5 2.2 24 3.3(1.5-5.1) 179 9 1.2
Diarrhoea 51 65 4.0 1.6 1.9 2.4 (0.9-3.9) 139 7 1.0
Depression 49 85 3.8 21 2.2 1.7 (0.2-3.3) 164 3 11
Drowsiness, sedation 43 26 34 0.6 1.0 2.7 (1.4-4.1) 73 15 0.5
Visual defect 37 39 2.9 1.0 1.2 1.9(0.6-3.2) 86 14 0.6
Pain chest, tight chest 30 43 2.4 11 1.3 1.3 (0.1-2.5) 96 7 0.7
Retention 30 29 2.4 0.7 0.9 1.6 (0.5-2.8) 66 3 0.5
Insomnia 24 22 1.9 0.5 0.7 1.3(0.3-2.4) 52 6 0.4

a Proportion of events reported for study cohort (n = 14 526).

ADR = adverse drug reaction (as reported by general practitioner); Cl = confidence interval.

Confidentiality

The study was conducted in accordancewith the
International Ethical Guidelines for Biomedical
Research, prepared by the Council for International
Organisations of Medical Sciences.[”]

Results

We identified 35295 patients who had com-
menced treatment during the specified time period.
The anticipated sample size of 10 000 was ex-
ceeded sooner than expected with only 26 991
green forms having been sent out. A total of 14 526
forms were returned with useful information, giv-
ing aresponse rate of 53.8%. The mean age of the
cohort was 62.7 years (SD 16.4 years) and 68.6%
of the cohort were female.

The events reported most frequently are shown
intablell, ranked in descending order according to
the ID of events experienced in the first month.
Table 2 showsthe specific events(relating to symp-
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toms or diagnoses) for which ID; to 1D, was sig-
nificantly greater than O at the p = 0.01 level. This
vaueisimportant, for it may signal that the event
is associated with the drug, based on the consider-
ations of the typical time distribution of ADRs. Ta-
ble 11 showsthat dry mouth and headache were the
2 most common events likely to be linked to the
drug.

The eventsidentified by the general practitioner
as suspected ADRstto tolterodine include those al -
ready mentioned in the summary of product char-
acteristics.[ Common events (>1 in 100 patients)
aslisted in the summary of product characteristics
were, in descending order of ID; per 1000 patient
months: dry mouth, headache/migraine, constipa-
tion, dyspepsia, nausea and vomiting, and pain in
abdomen. Events regarded as less common (<1 in
100 patients) were: visual defect, and painin chest.
Events coded as ‘micturition disorder’ and * reten-
tion’ are symptoms characteristic of the underlying
condition. The most common reasons for stopping

Drug Safety 2001; 24 (9)
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treatment were: dry mouth (250 patients), unspec-
ified adverse effects (168 patients), headache (123
patients), constipation (78 patients) and general
malaise (78 patients).

Selected Events

Examination of the listing of events during
treatment and those resulting in discontinuation of
treatment did reveal some that were considered to
be of medical interest, although they did not occur
in sufficient numbersto generate asignal of causal
association with the drug, using the ID; to 1D sta-
tistic. These events were as follows: (i) halluci-
nations; (ii) tachycardia; (iii) other cardiac ar-
rhythmias (including extrasystoles and atrial
fibrillation); (iv) painin chest; and (v) pal pitations.
Individual case reportswere assessed for causal-
ity by a medically qualified clinica research fel-
low, using 4 basic considerations (temporality,
pharmacological plausibility, clinical and patho-
logical characteristics of the event, likelihood or
exclusion of other possible causes) and 5 catego-
ries (probable, possible, unlikely, awaiting further
information or unassessable). Details of causal as-
sessment on these events are shown in table I11.
Further details of case history for selected patients
experiencing these events were obtained, in confi-
dence, by follow-up from the GP.

Psychiatric Events

In none of the cases judged to be ‘probably’ or
‘possibly’ causally related was the dosage above

Table lll. Details of events selected for follow-up

the recommended maximum (4mg per day). The
predominant type of hallucination was visual.
Most occurred in elderly patients, of whom 89%
were female (compared to the proportion of 68%
of females in the tolterodine study cohort in this
age group; Fisher’'s exact p = 0.29). The dosage
was either 2 or 4mg per day.

Cardiovascular Events

In most cases of tachycardia, or other arrhyth-
mia, the exact nature of the rhythm was not speci-
fied, althoughin 1 case (a76-year-old male) supra-
ventricular tachycardia was diagnosed. Only 5
cases reported confirmation by electrocardiogram
(ECG). There were no reported cases of serious
cardiac arrhythmia such as ventricul ar tachycardia
or fibrillation. These events occurred in either sex
and in awide age range (youngest patient aged 29
years). The dosage was 1, 2 or 4mg per day. In the
cases of chest pain ‘possibly’ causally related to
drug ingestion, therewasawidevariation in symp-
tomatology, which was sometimes linked with
other anticholinergic effects such asdry mouth and
nausea and also sometimes linked with abdominal
pain. A specific pattern to the nature of the chest
pain was not discernible, although it did occur pre-
dominantly at the dosage of 4mg per day [16 of 17
cases (94%) where dosage known]. Chest pain is
listed as a possible ADR to tolterodine in the sum-
mary of product characteristics.[!!

Event No. of events No. of events judged to Median Median age Sex
reported on be probably or possibly dosage (interquartile range) male female
treatment related (mg/day) [years]
Hallucinations 23 92 4 79 (70 to 92) 1 8
Palpitations/tachycardia 42 17°(13 palpitations and 4 3 65 (51to 71) 8 9
tachycardia)
Other cardiac arrhythmias 29 4 (2 extrasystolesand 2 4 57.5 (53 to 74) 2 2
atrial fibrillation)
Chest pains 87 212 4 67 (33to 79) 6 12¢

a 1 age unknown.
b 4 age unknown.
c 3 sexunknown.

0 Adis International Limited. All rights reserved.
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Other Events of Interest

Other events of interest were as follows. One
patient (a 65-year-old male) devel oped a cutaneous
reaction diagnosed as erythema multiforme a few
days after starting tolterodine on 4mg per day. This
was ascribed by his general practitioner to inges-
tion of tolterodine, which was accordingly stopped
and the rash cleared up. Another patient (an 87-
year-old male) wasknown to have had Alzheimer’s
disease at the time of starting tolterodine. The pre-
scribing doctor noted that his cognitive function
declined as the dosage of tolterodinewasincreased
and improved when he stopped the drug. There
were 2 femal e patients (aged 43 and 65 years) who
devel oped nightmares soon after starting tolterod-

Table IV. Characteristics of study cohort

ine, both at 4mg per day. In both casesthe drug was
stopped and the nightmares disappeared.

Out of 1481 women of childbearing age (15 to
45years), 20 pregnancieswerereported, 3 of which
were planned. For the unplanned, only 1 reported
contraceptiveuse. The summary of product charac-
teristics recommends that women of childbearing
age should be considered for treatment only if us-
ing adequate contraception.[Y One woman stopped
use in anticipation of planned pregnancy. Ten
women stopped taking the drug as a result of preg-
nancy. In 6 pregnancies, tolterodine was taken dur-
ing the first trimester at a median daily dosage of
4mg (range 1 to 4mg). Of these, 5 resulted in live
births with no congenital abnormalities, and 1 in
spontaneous abortion. There were no records of
tolterodine use later in pregnancy.

Characteristic Tolterodine Comparator cohort? Terodiline®
Study cohort
Number 14 526 135 492 12 423
Mean age (SD) [years] 62.7 (16.4) 60.1 (15.8) 63.7 (17.5)
Males
number (%) 4540 (31.4) 64 013 (47.2) 3376 (27.2)
mean age (SD) [years] 65.8 (15.4) 58.6 (15.8) 65.5 (16.1)
Females
number (%) 9923 (68.6) 69 918 (51.6) 8912 (71.6)
mean age (SD) [years] 61.4 (16.7) 61.5 (15.6) 63.1 (18.0)
Sex not known [number (%)] 64 (0.4) 1561 (1.2) 135(1.1)
Age not known [number (%)] 2329 (16.0) 14977 (11.1) 2018 (16.2)
Hallucinations
Number 22 34 14
Males [number (%)] 7(31.8) 14 (41.2) 14 (100)
Females [number (%)] 15 (68.2) 20 (58.8) 0(0)
Mean age (SD) [years] 75.4 (13.1) 71.1(14.7) 81.2(7.1)
Sex not known 0 0 0
Age not known 3 2 0
Palpitations/tachycardia
Number 40 306 24
Males [number (%)] 12 (30) 110 (35.9) 4 (16.6)
Females [number (%)] 28 (70) 195 (63.7) 19 (79.2)
Mean age (SD) [years] 63.0 (14.9) 62.9 (13) 56.9 (17.5)
Sex not known 0 1 1
Age not known 4 10 0

a 70 patients excluded.
b 21 patients excluded.

0 Adis International Limited. All rights reserved.
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There were 379 deaths reported during the fol-
low-up period. For 20 of these, we have been un-
able to ascertain the cause of death after extensive
attemptsto obtain thedeath certificates. Theunder-
lying cause of death was of cardiovascular origin
for 140 cases, cancer for 101 cases and noncar-
diovascular origin for 118 cases. For those deaths
of cardiovascular causes, 3 occurred within the
first month, 1 of which was associated with disor-
ders of cardiac rhythm. None of the deaths were
thought attributable to use of tolterodine after cau-
sality assessment by a medical practitioner. Data
for age, sex and duration of treatment were incom-
plete, preventing an estimation of the expected
number of deaths in this population.

Univariate Analysis

We compared the crude prevalence of 2 possible
signals, hallucinations and pal pitations/tachycar-
dia combined, for tolterodine with both compara-
tor cohorts. Characteristics of study cohorts are
presented in table I V.

Agewas split into quartiles according to distri-
bution of the overall cohort. Cross-tabulation of
potential confounders (age and sex) withtheevents
and drug cohort suggested significant associa-
tion between age and hallucinations (p < 0.001),
cardiac events (p = 0.021) and drug cohort (p <
0.001). Theold elderly (>74 years) had the highest
risk of experiencing apsychiatric event, and being
prescribed medication. People 50 years and under
had the lowest risk of experiencing acardiac event
of interest. Similarly, sex was significantly associ-
ated with hallucinations (p = 0.013), cardiac events
(p < 0.001) and drug cohort (p < 0.001); women
were more likely to experience an event and be pre-
scribed medication.

TableV shows crude event rates per 1000 person-
years by drug cohort. Members of the cohort were
followed up for atotal of 51 988 person-years, and
during thistime hallucinations were reported in 70
patients and 370 palpitation/tachycardia events
were reported in 360 patients. For purposes of this
study the first event was recorded.

0 Adis International Limited. All rights reserved.

Table V. Rate (per 1000 patient-years) of selected events for drug
cohorts

Exposure cohort Hallucination rate Palpitation/tachycardia

(95% ClI) rate (95% Cl)
Tolterodine 4.46 (2.94-6.78) 8.11 (5.95-11.06)
Comparator 0.79 (0.57-1.11) 7.12 (6.37-7.97)
Terodiline 3.42 (2.03-5.78) 5.86 (3.93-8.75)

ClI = confidence interval.

The unadjusted rate of hallucinations does ap-
pear to differ between the exposed (tolterodine)
and the comparator cohorts. Table VI presents
crude and adjusted Mantel-Haenszel RR between
the cohorts. The crude unadjusted RR suggested
that patients taking tolterodine are over 5 times
more likely to experience hallucinations than are
patients taking the comparator drugs, and terodil-
ineusersareover 4timesmorelikely to experience
hallucinations than the comparator cohort. Con-
trolling for identified risk factors reduced the size
of the effect: after adjustment for age and sex there
was gtill a strong association between tolterodine
use and hallucination event (RR 4.85), and after
adjustment for age between terodiline and halluci-
nations (RR 4.03). The crude unadjusted RR for
palpitation/tachycardia events suggested a weak
difference between the cohorts. Adjustment for age
and sex had nonsignificant effects on RR estimate,
with evidence of effect modification by age.

The cumulative survival of each cohort was cal-
culated to obtain an estimate of the survival expe-
rience of patients separately for hallucinations and
pal pitation/tachycardia events (figs 1 and 2). The
median survival estimate in daysis given for each
group respectively. The log-rank test was per-
formed to test the hypothesis that there was no dif-
ference in survivorship between groups. The result
for hallucinations shows that the 3 groups had sig-
nificantly different cumulative survivals (p <
0.0001), with those exposed to tolterodine experi-
encing over 3 timesthe expected number of events
(22 instead of 6.7), and terodiline experiencing
twice the number expected (14 instead of 5.6).
Conversely thelog-rank test for pal pitation/tachy-
cardia events showed that the 3 groups had similar
cumulative survivals (p = 0.4335).

Drug Safety 2001; 24 (9)
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Table VI. Relative risk of hallucinations and cardiac events (com-
bined) between drug cohorts

Event Rate ratio  95% Cl for  p-Value
rate ratio
Tolterodine vs comparator
Hallucinations
Crude 5.63 3.30-9.64 <0.0001
MH estimate adjusted for 4.85 2.72-8.66 <0.0001
age and sex
Palpitations/tachycardia
Crude 1.14 0.82-1.58 0.4397
MH estimate adjusted for 1.05 0.74-1.49 0.7762
age and sex
Tolterodine vs terodiline
Hallucinations
Crude 1.30 0.67-2.55 0.4370
MH estimate adjusted for 1.25 0.62-2.53 0.5287
age?
Palpitations/tachycardia
Crude 1.38 0.83-2.29 0.2078
MH estimate adjusted for 1.30 0.77-2.20 0.3245
age and sex
Terodiline vs comparator
Hallucinations
Crude 4.32 2.32-8.06 <0.0001
MH estimate adjusted for 4.03 2.09-7.75 <0.0001
age?
Palpitations/tachycardia
Crude 0.83 0.54-1.25 0.3593
Adjusted for:
age® 0.94 0.61-1.43 0.7610
sex 0.71 0.46-1.08 0.1121

a Sex not adjusted for as no females experienced event.
b Test for heterogeneity p value = 0.482.
ClI = confidence interval; MH = Mantel-Haenszel method.

Discussion

The bladder selectivity of tolterodine has been
reported to improve tolerability compared with
other muscarinic receptor antagonists,/®9 This
study generally supports this view. Most adverse
events were predictable anticholinergic effects
(e.g. dry mouth, gastrointestinal upset and visual
problem) which occurred comparatively infre-
guently (<20 per 1000 patient-months in the first
month of treatment). There were, however, some
events which occurred rarely (ID1 < 1 per 1000
patient-months), but which appear, after careful

0 Adis International Limited. All rights reserved.

follow-up, to be causally linked to the drug. These
events were hallucinations, palpitations and tachy-
cardia. These are symptoms related to severe cen-
tral acetylcholinergic receptor antagonism, and are
mentioned as such in the summary of product char-
acteristics for tolterodine.ll However, none of the
cases we report here were related to overdose.

Datafor evidence of dose-event relationship are
sparse. A comparison of incidence rates for equiv-
aently effective doses would be preferable, but
data for dose at event although requested are not
always provided on the green form questionnaires,
and so the incidence rate reflects the entire starting
dose range used. Furthermore, PEM data exclude
information on other potential confounders. GPs
are not asked to routinely report concomitant med-
ication. Drugs that affect the hepatic CY P system
may affect drug plasma concentrations such that
toxic concentrations are attained, increasing risk of
adverse events, the summary of product charac-
teristics recommends care with coprescribing of
drugs metabolised primarily through the liver and
dosage reduction in patients with impaired liver
function.[Y Although data on concomitant medica-
tion are provided upon follow-up, likely interac-
tions with tolterodine were excluded in those pa-
tientsin whom causality was assessed as ‘ probable
or possible'.

Ideally one would wish to compare tolterodine
with adrug of similar therapeutic class and indica-
tion. Comparison with terodilineis questionablein
that it isadrug with mixed pharmacol ogical prop-
erties with both antimuscarinic and calcium antag-
onist properties, so the comparison would not be
pure. Terodiline was withdrawn worldwide on sus-
picion of cardiac toxicity,[1%! and data for no other
anticholinergic drug are held on the DSRU data-
base. The second comparator cohort was obtained
from pooled data from the database for drugs whose
pharmacological action were not related to anti-
muscarinic activity, cardiovascular or CNS activ-
ity. Hence, the number of studiesfor which dataare
held on the DSRU PEM database redtricts choice. In
this study, data from the comparator drugs were
collected over different calendar periods which

Drug Safety 2001; 24 (9)
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Fig. 1. Kaplan-Meier probability of remaining free of hallucina-
tions, by drug cohort. Median time (interquartile range) [days]
to event: comparator 76 (21 to 132), tolterodine 62.5 (20 to 125),
terodiline 81 (33 to 150) [p < 0.0001, log-rank test].

may have affected the comparability between the
cohorts. An important source of bias is that the
studieswere completed over anumber of years (be-
tween 1989 and 1999). However, comparative
PEM studies between the first and latest drug in
other therapeutic groups has demonstrated that in-
cidence of events is reasonably constant, arguing
against differential reporting.[1l] Regarding data
collection, not all returned forms contain clinically
useful data, which could conceal selection bias.

The arithmetic difference between the 2 rates,
ID; and 1Dy, is calculated in order to test the null
hypothesis that the rate for the event does not
change over time. Thisfigure may beimportant for
it may signal that an event is associated with the
drug, especially for predictable (Type A) reactions
which may occur shortly after taking the drug. For
hallucinations and pal pitation/tachycardia events,
there is only weak evidence of a signa using this
method. Analysis of cumulative survival prob-
ability to the selected events indicates that the
events occur in the second month for all groups.
This indicates that for delayed events the former
method may not be sensitive enough, especially
where the numbers are relatively small.

We can find no reportsin the literature of hallu-
cinationsasan ADR totolterodine. The Medicines

0 Adis International Limited. All rights reserved.

Control Agency (MCA) in the UK had received
eight reports of hallucinations up until September
1999. The statistically significant age- and sex-
adjusted relative risk of 4.85 [95% confidence in-
terval (Cl) 2.72to 8.66] between the preval ence of
hallucinations on tolterodine compared with other
drugs on the PEM database suggest that thisis a
true ADR. The significance of this relationship is
again highlighted when looking at the probability
of event occurrence between the cohorts, as indi-
cated by the survival analysis. However, there is
only weak evidence of a difference between ter-
odiline and tolterodine (age- and sex-adjusted RR
1.25, 95% Cl 0.62 to 2.53), with the upper 95% ClI
consistent with a possible doubling of risk. Hallu-
cinations have not been reported as an adverse
event for terodiline.[!2 Although the anticholiner-
gic pharmacological properties lend itself to such
effects, early invitro studies showed that terodiline
was not associated with an effect on central cate-
cholamine stores in animal models,!13 but this
does not mean that CN'S effects are not manifested
through some other mechanism. This suggeststhat
there may be some other factor inherent in popul a-
tions being treated for bladder instability, contrib-
uting to the observed effect.

Thereis specific mention of the lack of clinical
or ECG cardiac effectsin premarketing studies for

Comparator
19= Tolterodine
- Terodiline

0.999

Probability
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©
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Fig. 2. Kaplan-Meier probability of remaining free from cardiac
event, by drug cohort. Median time (interquartile range) [days]
to event: comparator 57 (24 to 126), tolterodine 63.5 (16.5 to
135), terodiline 17.5 (6 to 62) [p = 0.4335, log-rank test].
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tolterodine.l**! The MCA had received 7 reports of
palpitations, 7 reports of tachycardia (2 supraven-
tricular, 1 ventricular) and 1 report of torsade de
pointes by September 9 encompassing the calendar
period of this study. Although there was no signif-
icant difference for palpitation/tachycardia events
in our comparison, this does not exclude the possi-
bility of this symptom as an ADR, since we have
not been ableto follow up all the events of interest
for the 10 comparator drugs, and thus do not know
the number causally associated. Tachycardia is a
known class effect of antimuscarinic drugs.[1®! Pal-
pitations are a nonspecific symptom that could be
associated with many cardiac effects. In our study,
there was only aweak difference in these nonseri-
ous cardiac events detected between the 2 drugs
(age- and sex-adjusted RR 1.25, 95% CI 0.62 to
2.53). Patients who use tolterodine are likely to be
elderly and these types of eventsarerelatively fre-
quent in this popul ation.

Terodiline has been associated with arrhyth-
mia;[1% however, in this study the number of * prob-
able’ or ‘possible’ proarrythmic events associated
with tolterodine was small; 4 cases (two extrasys-
tolesand 2 atrial fibrillation), and no cases of ven-
tricular tachycardia, torsade de pointes or sudden
death. However it islikely that the study hasinsuf-
ficient power to discern difference at the very low
incidences that could be expected for such events.
Outcome misclassificationisapotentia biasin any
study dependent on reporting by athird party: not
all cardiac dysrhythmic events may have been
identified, especialy with lack of ECG confirma-
tion, and there is the potential for misdiagnosis of
certain events such as reflux dyspepsia which is
aggravated by use of anticholinergic drugs, pre-
senting as chest pain.

A weakness of this PEM study was that the re-
sponse rate was 53.8%, and we have no guarantee
that the responders were representative of al pre-
scribers and their patients. However, we have no
reason to suspect that the signals of possible ADRs
were nonvalid, although the absol ute rate of occur-
rence of eventsmay not bevalid for the whole pop-
ulation. We do not know whether those patientsfor

0 Adis International Limited. All rights reserved.

whom a green form was not sent were likely to be
different in some way from those for whom aform
was sent. PEM also only relatesto general practice
(exposure does not include hospital prescriptions)
and we have no measure of patient compliancewith
the dispensed drug. The strengths of this study is
that it involved alarge cohort of patients, of widely
varying age, and who had all the concomitant
illnesses and medications that are found in general
practice. It thus represents actual clinical practice,
free from selection bias. Furthermore, the response
rate is substantial compared with the proportion of
suspected ADRs that are reported in spontaneous
ADR reporting schemes.[16]

Conclusion

This study provides additional evidence regard-
ing the safety profile of tolterodine for management
of detrusor instability in general practice use at the
recommended dosage. Tolterodine may have been
causally associated with hallucinations and tachy-
cardiaor palpitationsin afew patients. Urinary in-
continence is a common condition in the elderly
and patients with neurological disease; anticholin-
ergic agents should be used with caution in these
high risk groups. Nevertheless, such groups may
benefit from the improved tolerability, particularly
in terms of incidence of anticholinergic adverse ef-
fects, that newer anticholinergic agents such as
tolterodine offer.[9]

Pharmacoepidemiological studies using sys-
tematically collected data, such as PEM, identify
and calculate the incidence of adverse events with
increased sensitivity to rare ADRs compared with
randomised controlled trials. Rarer events with an
annual incidence of lessthan 1 : 3333, such as se-
rious cardiac arrhythmias, will not be detected by
PEM in theimmediate postmarketing period in the
first 10 000 patients, or will only be encountered
by chance. Further epidemiological methods such
ascase-control studies, with further informationon
cases such as laboratory tests and ECGs, are re-
quired to examine the incidence of specific events
among patients prescribed tolterodine in the UK.
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